Ultrasound is becoming popular in anaesthetic practice because of numerous advantages. Its introduction in pain medicine is recent and its use is growing. It allows the identification of soft tissues, vessels and nerves, without the risk of radiation. The additional advantages in pain medicine are avoidance of repeated radiations and ease of use in outpatient clinics, thus saving time and decreasing work load on interventional theatres.
INTRODUCTION
Imaging techniques are essential tools in interventional pain management. Many pain procedures cannot be performed with a landmark-based technique or involve a high failure rate or unacceptable risks. 1 The use of ultrasound guidance for acute and chronic pain interventions has increased in the last few years (Tables 1 and 2 ). Acute pain management includes postoperative pain control, pain relief in trauma, childbirth and in medical illnesses. Most of the interventions in acute pain setting would involve peripheral nerve blocks, single shot or continuous neuraxial blocks. 2 Neuraxial anaesthesia can be very useful for the treatment of pain in trauma patients and after procedures, such as laparotomy, thoracotomy and reduction of extremity fractures. Paravertebral blocks may be helpful in rib fractures and peripheral nerve blocks may be helpful in limb injuries. The use of continuous perineural catheters is helpful in patients with more extensive trauma where the duration of severe pain is expected to be longer than 1 to 2 days. Pain control in the setting of abdominal and thoracic trauma becomes particularly important to promote deep breathing and appropriate pulmonary toilet. Given the risk of pneumonia and the known depressant effects of opioids, neuraxial and regional blocks are particularly helpful. Burn injuries cause severe pain associated with injury itself as well as with the multiple interventions that follow. Regional anaesthesia helps in the management of pain at graft donor sites and has opioid sparing effects. Given the variation in human anatomy, it is not surprising that nerve localisation can frustrate even the most experienced clinician.
Injections play a major role in the management of various chronic pain conditions. Interventions are either diagnostic or therapeutic. Both procedures require a high precision of needle positioning. Failure to do so results in lack of selectivity with a consequent high rate of false positives. Procedures may be spinal or peripheral. Diagnostic procedures are aimed at identifying the anatomical source of pain. For diagnosis, it is essential that the needle should be placed as close as possible to the targeted neural structures and the smallest possible amount of local anaesthetic should be injected.
The use of ultrasonography for acute pain management through the use of regional anaesthesia is well established. It is in an embryonic stage, though rapidly developing, in chronic pain medicine, because of the deep-rooted acceptance for conventional modes of imaging (fluoroscopy, CT).
The aim of the article is to discuss the application of ultrasound in acute and chronic pain management procedures and review the evidence available for same.
COMPARISON WITH OTHER MODALITIES
Interventional techniques for acute and chronic pain management have traditionally relied upon a combination of anatomical landmarks, elicitation of paraesthesia, electrical nerve stimulation, loss of resistance or the use of imaging.
The nerve stimulator can only confirm that the needle tip is in a correct location with poor sensitivity and is of no help in avoiding puncture of blood vessels, pleura and other vulnerable structures. 3 Fluoroscopy only visualises bones and cannot be employed for interventions at extremities. CT provides more information than fluoroscopy but has high
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costs, exposes patients to high and multiple exposures for needle placement, and thus increases the cost of procedures. Ultrasound can identify muscles, ligaments, vessels, joints and bony surfaces. It is affordable, portable and does not involve radiation. Extensive use has not been associated with any risks. Vessels are visualised and Doppler can be used to confirm the location, thus decreasing the risk of intravascular injection or injury to vessels. The imaging obtained is real time and can be performed continuously as the intervention is performed. Direct visualisation of the needle helps to prevent intraneural puncture and thus decreases nerve injury. 4 Ultrasound can be implemented in office-based practice for diagnostic and therapeutic injections.
ULTRASOUND AND ACUTE PAIN MEDICINE
Acute pain interventions require the accurate performance of nerve blocks to avoid patient discomfort and achieve high success rates. The use of peripheral regional analgesic techniques, as either single injection or continuous infusion, can provide better analgesia than systemic medications. 5 Emphasis is now on same day discharge and avoidance of analgesic and anaesthetic agents, and thus practitioners are relying more and more on ultrasound. The application will not find much favour, if it fails to demonstrate that it is safe, decreases adverse effects and increases the success of the intervention. 6 • Does it help in accurate needle placement: Brachial plexus blocks have a major application in upper limb pain management. Anatomical landmarks and peripheral nerve stimulator techniques have been utilised for interscalene and axillary nerve blocks. Supraclavicular and infraclavicular nerve blocks were not much favoured because of the possible associated complications (intravascular injection, pneumothorax) but success rates of 95 and 92% respectively have been achieved with the use of ultrasound for both of these blocks. 7 Femoral nerve blocks usually fail if local anaesthetic is injected above the fascia iliaca. Nerve stimulators may tent the fascial plane and still may give twitches but the local anaesthetic solution will be deposited above the fascia and the block will fail. Ultrasound improves block quality, decreases onset time and increases the success rate. 8 Loss of resistance is taken for granted for epidural space confirmation. A specific interspace is identified correctly only in 30% of patients even if they have normal BMI. The error is exaggerated by obesity. Ultrasound helps in identifying the dura and thus measuring the distance between dura and skin. It also In spite of all the evidence and the benefits listed above, ultrasound guidance will not gain a prominent place in practice until it shows an increase in block success. Axillary nerve block with electrostimulation is unpredictable and has higher conversion rates to general anaesthesia. Ultrasound increases the success rate of block to 83% while decreasing the volumes required. 17 It also helps in improving success rates for blocking small nerves, such as the sural 18 and tibial nerves. 19 • Does it help in decreasing complications: Interscalene block is associated with a number of complications, but the complication seen in almost all patients with nonultrasound-guided techniques is ipsilateral phrenic nerve palsy which can cause ventilation compromise in patients who are morbidly obese, COPD patients and the elderly. 20 Ultrasound can localise the nerves, thus decreasing the volume required to block them. Intercostal nerve block has been used both for acute and chronic pain management. The major complication has been pneumothorax, the incidence of which is up to 7% with blind techniques. Ultrasound not only helps in the visualisation of pleura with the patient breathing, making a pneumothorax less likely, but also has been found to be more sensitive than supine chest radiography in the detection of pneumothorax.
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ULTRASOUND AND CHRONIC PAIN MEDICINE
Chronic pain procedures may include nerve blocks (such as the brachial or lumbar plexus), image-guided injection of more distal branches of a nerve plexus or at less common locations (proximal to sites of trauma or entrapment, or neuroma formation). Blockade of various small sensory or mixed nerves, such as the ilioinguinal, genitofemoral, saphenous, lateral femoral cutaneous, suprascapular, pudendal, intercostal, greater occipital and various other sites may be more easily accomplished with ultrasound guidance. In addition, ultrasound guidance may be feasible for many spinal procedures, including epidurals, 22 selective spinal nerve blocks, facet joint, medial branch blocks 23 and sympathetic blocks (stellate ganglion, 24 lumbar sympathetic, celiac plexus). Finally, ultrasound guidance may aid placement of peripheral neuromodulation electrodes. 25 • Does it help in accurate needle placement: Border nerve syndrome (genitofemoral, ilioinguinal and iliohypogastric nerves) causes pain in the scrotum and testicle in males, labia majora in females and the medial aspect of thigh. Anatomical landmarks are confusing. Anatomical variability of the course of these nerves and the distribution of the sensory innervated skin area are very high. 26 Ultrasound helps in needle visualisation and makes anatomy more predictable. 27 Conservative treatment for occipital neuralgia is associated with poor outcomes. The third occipital nerve is a therapeutic target for conditions, including high cervical spondylosis, cervicogenic headaches and as a predictor of success for radio frequency ablative procedures of C2/C3 facet joints. Single injection under fluoroscopy has a false positive rate of 38% and accurate needle placement up to 82% has been achieved with ultrasound guidance. 28 • Does it help in getting the local anaesthetic in the right place: Pudendal neuralgia diagnosis is primarily a clinical one, confirmed by a diagnostic block. The interligamentous plane is the key to local anaesthetic placement. Ultrasound helps in real time visualisation of needle placement and confirmation of an injectate spread within the interligamentous plane. Almost 100% block success has been achieved by identifying the interligamentous plane, the pudendal artery and depositing local anaesthetic solution medial to the artery.
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• Does it help in decreasing the local anaesthetic dosage:
The volume of local anaesthetic injected is a major factor especially in places with rich blood supply placing the patient at risk of local anaesthetic toxicity. Suprascapular nerve block is used to ameliorate pain associated with trauma, shoulder surgery or chronic shoulder pain syndromes as well as to aid in the diagnosis of suprascapular neuropathy. Landmark techniques are associated with pneumothorax, intravascular injection or nerve injury. Too high a volume of injected solution is associated with the involvement of brachial plexus which is unwarranted. Successful block has been achieved using ultrasound with volumes as low as 4 ml. 30 Lateral femoral cutaneous nerve block may be associated with coincidental femoral nerve block, if large volumes are injected (> 10 ml) in a fan-shaped manner resulting in a nonspecific nerve block, causing motor weakness of the quadriceps muscle and a slower onset of block. The success of blind, landmark-assisted method is as low as 38%. 31 • Does ultrasound-guided techniques result in greater block success: Lateral femoral cutaneous nerve is a pure sensory nerve which is blocked both for diagnostic and therapeutic reasons. The success increases upto 83% with the use of ultrasound.
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IJPUT
Ultrasound in Acute and Chronic Pain Medicine
Piriformis syndrome is characterised by buttock pain, hip pain and may present clinically as back or sciatic pain. When clinically indicated, injections into the piriformis sheath or muscle belly can provide diagnostic information and facilitate recovery. Fluoroscopy displays the sciatic notch and sacroiliac joint but not the piriformis muscle. Nerve stimulators can stimulate muscle when the needle is in contact with or within the muscle itself. Ultrasound guidance helps to visualise the muscle and variable anatomic relationship to the sciatic nerve.
• Does it help in decreasing complications: Stellate ganglion block is used in patients suffering from vascular diseases or sympathetically maintained pain of head and upper extremity. With the anatomical landmark technique, several side effects or complications can occur. Puncture of the oesophagus leading to mediastinitis is a serious complication, which is prevented with the use of ultrasound. Ultrasound guidance increases the incidence of successful sympathetic block and lowers the incidence of hoarseness associated with injection of local anaesthetic above the prevertebral fascia. 33 Lumbar facet intra-articular injections are normally performed under CT scanning or fluoroscopy. Both guidance modalities deliver significant radiation doses and are expensive. Ultrasound reduces the risks involved and is relatively inexpensive.
Lumbar or cervical spine interventions have been tried under ultrasound guidance. Evidence only exists for lumbar facet injections. For other procedures, it helps in visualising soft tissue structures and bony surfaces.
Another area where ultrasound has a promising future is neuromodulation. Sacral, tibial and peroneal nerves in lower limb and radial, medial and ulnar nerves in the upper limb are the potential targets. It is possible to use ultrasound to place percutaneous electrodes much in the same manner that one would place peripheral nerve catheters for continuous nerve blocks in the perioperative period.
A problem with the application of ultrasound in chronic pain interventions is that randomised controlled trials may not be ethical while comparing to fluoroscopy or CT. Acceptance of ultrasound guidance into clinical practice has to come as its use as a tool, from clinical outcome studies. Its further development will depend on training and education.
Future investigations will include quantitative analysis of the bidimensional ultrasound images, coupled with volume data from 3D ultrasound technology, to model local anaesthetic diffusion along nerve sheaths and its relationship with block effectiveness. Liposomal formulations of local anaesthetic are in their preclinical evaluation phases. These drug formulations, which release the active local anaesthetic in a controlled fashion over hours to days after administration, may be attractive for acute and chronic pain, especially in an outpatient setting. Accurate perineural placement will be of paramount importance, since it will not be possible to repeat administration for several days, and accidental intravascular injection of liposomal preparations is likely to be more catastrophic. 34 Should these preparations be approved for use, real time ultrasound guidance may be considered mandatory for their administration.
